Objectives: to determine whether vitamin D supplementation reduces the risk of fracture or falls in elderly people in care home accommodation. Design: a randomised controlled trial of cluster design. Setting and subjects: 223 residential units (mainly identical 30-bedded units), within 118 homes for elderly people throughout Britain, with 3,717 participating residents (76% women, average age 85 years). The units provided mainly or entirely residential care (35% of residents), nursing care (42%) or care for elderly mentally infirm (EMI) residents (23%). Methods: participants were randomly allocated by residential unit (cluster design) to a treated group offered ergocalciferol 2.5 mg every 3 months (equivalent to a daily dose of 1,100 IU), or to a control group. Fractures were reported by staff and confirmed in hospital, and routinely collected data on reported falls were obtained. Results: after median follow-up of 10 months (interquartile range 7-14 months), 64 (3.6%) of 1,762 vitamin D-treated residents and 51 (2.6%) of 1,955 controls had one or more non-vertebral fractures, and 24 (1.3%) and 20 (1.0%), respectively, had a hip fracture. The proportion reporting at least one fall was 44% in vitamin D-treated and 43% in control residents. The differences between the vitamin D and control groups were not statistically significant. The incidence of all non-vertebral fractures in the care homes (3.2% per year) and of hip fractures (1.1% per year) was low, similar to rates in elderly people in sheltered accommodation, and the pre-treatment serum 25-hydroxy vitamin D concentration was high [median 47 nmol/l, measured in a 1% (n = 18) sample]. Conclusions: we found no evidence that vitamin D prevents fractures or falls in elderly people in care home accommodation.
Introduction
There is conflicting evidence over whether vitamin D supplementation, with or without calcium, reduces the incidence of fractures in elderly people. Two randomised controlled trials have shown a lower incidence of hip and other long bone fractures in participants receiving calcium and vitamin D supplementation than in controls [1, 2] , and three trials have shown a lower incidence with vitamin D alone [3] [4] [5] . Conversely, in other trials, fracture incidence was no lower either with calcium and vitamin D [6] [7] [8] or with vitamin D alone [8] [9] [10] [11] than in controls. The reason for the apparent heterogeneity is uncertain, but one possible explanation is that vitamin D supplementation may be more effective in people living in residential care, perhaps because of a lower dietary vitamin D intake [7] . We present the results of a randomised trial of vitamin D conducted in 3,700 elderly people living in residential accommodation.
Fracture risk is a product of the risk of falling and the structural integrity of bone (usually measured as bone mineral density). The previous expectation that vitamin D may have a substantial (25% or so) effect in preventing hip fracture was based not only on its effect in preventing loss of bone density (which is modest [12, 13] ), but also on a view that vitamin D also prevents falls. This view was supported by observations that muscle weakness, predisposing to gait instability, occurs in people with very low serum levels of vitamin D and improves with vitamin D replacement therapy [14] [15] [16] . Falls and fractures are common in elderly people in residential care [17] [18] [19] [20] [21] , so vitamin D may be effective in this setting.
Methods

Study population
The trial was conducted in collaboration with British United Provident Association (BUPA). BUPA Care Homes are the largest provider of residential care homes for elderly people in Britain: 118 homes throughout Britain participated. Residents were eligible to participate in the trial if they were ≥60 years old. Exclusions were temporary residents admitted for respite care, residents who were already taking calcium/vitamin D or drugs that increase bone density (such as bisphosphonates), and residents who had sarcoidosis or malignancy or other life-threatening illness. Data on residents who were ineligible or who declined to participate (including the numbers of such residents) were not available to us. In the case of residents who had confusional states or dementia, the next of kin originally nominated by the resident provided written assent on the resident's behalf. General practitioners (GPs) were informed of their patients' participation in the trial. After receiving training in the study protocol, care home staff invited eligible residents to participate in the trial.
Ethical approval
Ethical approval was granted by the London Multicentre Research Ethics Committee and by 78 Local Research Ethics Committees. Residents gave written consent to participate.
Study design
Cluster randomisation by computer was performed. Most of the care homes contained two or more identical and geographically separate 30-bedded units and these provided the randomisation units. Homes without separations tended to be small and for these the entire home was a randomisation unit. There were 223 such units within the 118 homes. Cluster randomisation based on these 223 units was preferred to individual randomisation because it was administratively easier for staff for all residents in a unit to be in the same group (treated or control), and it avoided contamination whereby residents allocated to the control group might inadvertently be given vitamin D. The units were of three types, those in which all or most persons had residential care, nursing care or were elderly mentally infirm (EMI); the proportions of trial participants in the three types of unit were 35, 42 and 23% respectively.
Intervention
Residents in the units allocated to receive vitamin D were given tablets containing ergocalciferol 2.5 mg [Norton Healthcare (now Ivax Pharmaceuticals)] every 3 months; this is equivalent to a daily dose of 1,100 IU. Previous studies have established that 3-monthly treatment at this dosage is sufficient to maintain elevated serum vitamin D until the next dose [4, 22, 23] . Residents in the control group took no vitamin D (there was no placebo).
Outcome measures
These were non-vertebral fractures and falls. Fractures were reported by care home staff and confirmed in hospitals. Falls were routinely recorded; a policy of recording all falls in an accident book maintained in each unit was in operation before the trial commenced and these books were the source of our data on falls. The care home staff who recorded the falls were not told that falls were an outcome measure in the trial in order to avoid possible biased recording. Fractures and falls were recorded on all participants originally allocated to the treatment and control groups (intention to treat analysis), up until the time that the trial was terminated or the participant died or left the care home to live elsewhere; care home managers informed us of all participants who died or left the home.
Blood samples
Blood samples were collected in the care homes from 18 treated group participants (a 1% sample) on three occasions-immediately before the first dose of vitamin D, 1 month after the first dose and 3 months after the first dose (immediately before the second dose). The 18 participants were from five homes in different counties in the south of England; the first dose of vitamin D was in the winter months in these participants (16 between December 1 and February 1, two on April 1). The subjects in this sample were similar to those in the entire study group in age, sex ratio and the proportions resident in the three types of units. Serum was stored at −40°C. At the end of the trial, we measured 25-hydroxy vitamin D [enzyme-linked immunosorbent assay (ELISA), Immunodiagnostic Systems Ltd], parathyroid hormone (ELISA; Diagnostic Systems Laboratories Inc.) and calcium (adjusted for albumin). No blood was taken from control participants.
Statistical analysis
Relative risk estimates of fractures and falls in the treated group compared with the control group were calculated using a Poisson regression model, which took into account age, sex, the length of time a person was in the trial and the cluster randomisation of the trial. STATA statistical software was used. Based on the number of participants, duration of follow-up and incidence of fractures and falls in the control group, the trial had 80% power to detect a 10% reduction in the incidence of falls in the treated group, 80% power to detect a 45% reduction and 50% power to detect a 34% reduction in the incidence of fractures. The measurements on the serum samples were analysed non-parametrically using Wilcoxon's matched pairs signed ranked test on STATA.
Results
There were 3,717 participants: 1,762 allocated to the vitamin D group and 1,955 allocated to the control group. The groups allocated vitamin D and the control group were similar in average age (85 years in each), the proportion who were female (76% in each) and the proportion in different types of accommodation (in the treated group 33, 42 and 25%, and in the control group 36, 42 and 22% were resident in units offering residential, nursing or EMI accommodation, respectively). The mean and median duration in the trial was 10 months (interquartile range 7-14 months). The 3,717 participants were followed for fractures and falls until either the end of the trial, death (347 treated and 322 control) or leaving the care homes to live elsewhere (49 treated and 64 control). During the course of the trial, vitamin D (with or without calcium) was prescribed by GPs to 15 (0.9%) participants allocated vitamin D (in whom the study vitamin D was terminated) and 12 (0.6%) allocated to the control group. No participants were prescribed bisphosphonates or other drugs that increase bone density. Of the 1,762 participants allocated vitamin D, 42 (2%) stopped taking vitamin D before the end of the trial, 28 because of cancer or other serious illness, 13 who refused the tablets and one because hypercalcaemia was diagnosed. Table 1 shows the numbers of non-vertebral fractures and falls recorded. There was no reduction in the incidence of fractures or falls in the vitamin D-treated group; indeed, the incidence of fractures was directionally higher in the treated group (3.6%) than in the control group (2.6%), but this was not statistically significant. The proportion of participants who had at least one fall was 44% in the vitamin D group and 43% in the control group. The incidence of fractures or falls was no lower in vitamin D-treated than control participants in separate analyses in residents aged under 80 years and 80 and over, and after omitting results from the first 6 or 12 months follow-up. Table 2 shows the results of measurements on blood collected on three occasions in the sample of 18-treated participants from five different homes. The median serum 25-hydroxy vitamin D concentration was 47 nmol/l before the first dose of vitamin D and 82 nmol/l 1 month after, an increase of 31 (21-62) nmol/l [median (5th-95th centile)]. Three months later (immediately before the second dose), the serum concentration was 74 nmol/l, a decrease of only 17 (1-67) nmol/l, confirming previous evidence that 3-monthly dosing is sufficient [22, 23] . There was no change in parathyroid hormone, as expected in view of the relatively high pre-treatment serum 25-hydroxy vitamin D (Table 2 ) [24] . There were no material changes on average in the serum concentrations of calcium or phosphate, or of protein or liver function tests (not shown).
There was statistically significant variation between units in the incidence of fractures and of reported falls (based on a Poisson regression analysis of the vitamin D and control groups combined, taking age and sex into account). The percentage of residents having one or more fractures in EMI, residential and nursing units was 4.7, 3.5 and 1.9%, respectively, and the proportion having one or more fall was 50, 45 and 37%, respectively. With the type of unit taken into account, however, there was no indication of greater variation between units in the incidence of fractures or falls than would be expected by chance.
Discussion
Earlier evidence suggested that vitamin D with calcium may prevent hip fracture and other long bone fractures in elderly people living in sheltered housing or residential care [1] . Vitamin D supplementation alone failed to reduce the incidence of fractures or reported falls in our trial, despite the fact that the vitamin D effectively raised the serum 25-hydroxy vitamin D concentration in a representative 1% sample from the treated group. Other trials have shown no preventive effect of vitamin D with calcium [6] [7] [8] or without calcium [8] [9] [10] [11] in elderly people living generally in the community; our trial suggests that this is also the case in residential care. The effect of vitamin D (without calcium) on bone density is known to be modest, increasing it by only ∼1% [12, 13] . Our trial suggests that vitamin D similarly has little or no effect in preventing reported falls, confirming the results from smaller trials that vitamin D has little or no protective effect [7, 25] . The absence of a protective effect against hip fracture may therefore not be surprising. The evidence that vitamin D supplementation improves strength and physical performance in elderly people comes from studies of patients either with clinical osteomalacia (serum 25-hydroxy cholecalciferol ∼7 nmol/l [14] ) or with very low serum 25-hydroxy vitamin D concentration (≤20 nmol/l [15, 16] ). Studies in populations like ours with a higher serum 25-hydroxy vitamin D concentration have generally shown little or no effect of additional vitamin D on strength or physical performance [25] . Vitamin D may therefore prevent falls and fractures only in people with very low pre-treatment serum concentration.
Our trial has weaknesses, most notably the non-availability of data on residents who declined to join the trial or who were excluded, such that we cannot exclude selection bias [however, the observation that relative risk estimates directionally favour the control group (Table 1) suggests that our results may still have beeen negative if we could have avoided any selection bias]. Also the sample on whom serum 25-hydroxy vitamin D was measured was small (18 in five homes), although the fact that all the homes provided similar meals and had similar policies on encouraging residents to spend time outdoors may ensure some generalisability of the 1% sample.
In our trial, the median pre-treatment serum vitamin D concentration in the 1% sample was 47 nmol/l (and the mean 59 nmol/l), higher than values previously recorded in institutionalised elderly people [1, 6] and similar to levels observed in free-living elderly people in Northern Europe [4, 24, 26] . The incidences of all non-vertebral fractures (3.2% per year) and of hip fractures (1.1% per year) in the control group are low for elderly people in residential accommodation; they are similar to the incidence previously reported in sheltered accommodation and only about a quarter of that in residential care [17] . The incidence of falls (6.4% of people falling in 1 month, 43% in 10 months) is also lower than that previously reported in residential care (56% of people in 8 months) [20] , although a lower incidence may be expected in our study because the falls recorded were limited to those notified by residents to the care home staff (residents did not keep individual fall diaries). Fewer than 1% of residents took calcium/vitamin D separately from the study, so this is not the reason for the high pre-treatment serum levels or the relatively low rates of falls and fractures. It may be that the case mix in these care home residents differed from those previously studied.
The evidence from this trial therefore indicates little or no protective effect of vitamin D against falls and fractures in elderly people living in residential care.
Key points
• In a randomised trial of vitamin D supplementation in residents of care homes for the elderly, there was no reduction in non-vertebral fractures in treated residents (3.6%) compared with controls (2.6%).
• There was also no reduction in hip fracture (1.3 versus 1.0%).
• There was similarly no reduction in falls (44 versus 43% reported at least one fall).
• The incidence of all fractures (3.2% per year) and hip fractures (1.1% per year) was lower than previously reported in elderly people in residential or nursing care.
